Objective: To present our experience of treating supratrigonal vesicovaginal fistulae by laparoscopic technique and their long-term follow-up. Material and Methods: Between January 2008 and June 2012, 28 cases of supratrigonal fistulas were repaired by laparoscopic transperitoneal transvesical technique with interposition flap. The obstetric fistula was present in 18 and gynecologic fistula in 10 patients. Single supratrigonal fistula was present in 26 patients and in 2 patients there were 2 fistulae lying side to side. The vaginal opening was closed as single layer interrupted suture and cystotomy closed as single layer continious suture by 3-0 polygalactin. The omentum was used as interposition flap in all except 2 cases in whom postero-superior vesical fold of peritoneum was used. The open conversion was required in 2 cases. The urethral catheter was removed in 4 weeks following a micturating cystogram. Result: The mean fistula size was 1.2 cm (range 0.8-2.5 cm). Open conversion was performed in 2 cases of whom one had excess carbon-dioxide retention and cardiac arrhythmia and in another case the needle of 3-0 polygalactin was avulsed and lost in peritoneal cavity which was recovered following laparotomy. All patients were continent following the catheter removal. The median follow-up is 24 months. None developed any complication related to laparoscopic repair till last follow-up.
Introduction
Vesicovaginal fistula (VVF) is most common acquired urogenital fistula, cause great psychological morbidity to the patients. Majorities of low lying fistulae (trigonal fistulae with or without urethral extension) can be repaired by transvaginal route [1, 2] . The abdominal route is indicated if fistula is associated with ureterovaginal fistula, high-up fistulas, small capacity bladder requiring augmentation, and multiple failed vaginal attempt of repair with vaginal shortening and stenosis and in cases of multiple VVF [3] [4] [5] . Over the past 15 years there have been consistent efforts on the laparoscopic repair of high-up supratrigonal fistulas which can not be repaired transvaginally. Nezhat et al. [6] first reported the laparoscopic repair of VVF in 1994. They further presented the experience of laparoscopic repair of intentional and unintentionally performed cystotomies on 19 patients [7] . Von Theobald et al. [8] reported a laparoscopic repair of VVF with omental J flap and claimed to be a modification of the technique. Miklos et al. [9] reported the utility of laparoscopic repair even in recurrent fistula. Chibber
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Curr Urol 2013;7: [75] [76] [77] [78] [79] [80] [81] [82] Singh/Sinha/Mehrotra/Gupta/Gupta et al. [10] reported the experience of laparoscopic repair of both vesicovaginal and vesicouterine fistula with high success rate. Hemal et al. [11] also reported the technique of laparoscopic repair of cervico-vaginal fistula developed following cesarean section. Erdogru et al. [12] in an interesting modification reported the use of fleecebound sealing system for laparoscopic repair of recurrent VVF. Robot assisted laparoscopic fistula repair with excellent result has also been reported [13] . Herein, we present our experience of laparoscopic transperitoneal transvesical repair of supratrigonal vesicovaginal fistula and their long-term follow-up.
Materials and Methods
Between January 2008 and June 2012, 28 cases of VVF were selected for laparoscopic repair. Ethical clearance was obtained from institutional ethical committee and informed written consent was obtained prior to surgery. Preoperative cystoscopy was performed to record the site, size, number of fistula and their relation to the ureteric orifices. Vaginoscopy was also performed to assess the location of fistula and status of cervix/vaginal vault, vaginal lumen in patients having history of hysterectomy. Our inclusion criteria were based primarily on supratrigonal or very high-up fistulas less than 2.5 cm with stenosed or incapacious vagina. In all patients complete hemogram, renal function tests, liver function tests, total serum protein and serum albumin and intravenous urogram were performed. The chest X-ray PA view and ECG were performed for assessing the fitness for anesthesia. The patients who had anemia (hemoglobin level < 10 g/dl) were given preoperative blood transfusion and in patients who had hypoprotenemia, they were put on high protein diet for 4-6 weeks. Empirically, in patients who had anemia were given oral antihelminthics to eradicate intestinal worm infestations. In 2 patients the psychiatric consultation for moderate depression was obtained before the operative intervention and treated adequately for 4-6 weeks using antidepressants.
Technical Steps
The operative steps are described in details in table 1.
Step I includes cystoscopy and bilateral ureteric catheterization and insertion of different colored catheter in fistula.
Step II includes patient positioning, ports placement and creation of pneumoperitoneum. A 10 mm infraumbilical open port placement for camera was performed in all cases and carbon dioxide pneumoperitoneum was created with a pressure of 12 mmHg. The patient was then put in 30 O to 40 O Trendelenburg position and another 12 mm port in right iliac fossa and 5 mm port in left iliac fossa were placed.
Step III involves dissection of fistula, closure of vaginal opening, cystotomy closure and interposition of vascularized flaps. This is the most crucial step in fistula closure. The bladder at this stage was inflated with 200-300 ml saline and a deliberate posterior midline cystotomy was performed. The Foley catheter at this stage was clamped to prevent the loss of pneumoperitoneum. Through 1 ). The cystotomy was extended upto the fistula. A plane between the bladder and vaginal wall was developed by sharp dissection. The fistula was circumferentially dissected to make completely free from bladder wall ( fig. 2 ). In cases having two fistulae lying side to side ( fig. 3 ) the thin bladder wall between two fistulae was cut to make the single fistulous opening. The anterior bladder wall and dome were lifted up and tucked gently against the inner surface of anterior abdominal wall by a silk thread inserted percutaneously mounted on laparoscopic fascial port closure needle. The silk thread was removed at the end of the procedure. The vaginal opening of fistula was closed by 3-0 polygalactin as interrupted single layer. The ureteric catheter lying in fistulous opening was pulled out before tying the final knot. The omentum was tucked at the suture line ( fig. 4) . The bladder was then closed as single layer continuous suture by 3-0 polygalactin. The bladder was filled by 200 to 300 ml of normal saline under gravity to check any apparent leakage and additional interrupted suture was taken at leakage sites. The omentum was also tucked to the bladder suture line in its most distal part. In 2 cases there was deficient omentum for interposition in which the peritoneal covering from posterosuperior bladder wall was placed as interposition flap and tucked to the vaginal suture line following closure of bladder.
Step IV The final finishing step includes insertion of peritoneal closed suction drain and shifting of the patient to specialized postoperative recovery room.
There were 2 laparoconversions. First case was due to avulsion of needle which was lost in peritoneal cavity and recovered by laparotomy and in another case open conversion was done because of excessive carbondioxide retention and cardiac arrythmia.
The visual pain analog score was recorded on first and second postoperative days. Intravenous tramadol on demand was given to the patients. The patients were allowed liquids on first postoperative day following return of bowel sounds and semisolid and solids are allowed from second postoperative day. They were discharged between 5 and 7 days and then called after 4 weeks from the date of operation and a cystogram was performed before catheter removal. All patients were asked to abstain from sexual intercourse for 3 months from the date of operation.
Results
The mean age of patient was 24 ± 7.0 years. The obstetric fistula was present in 18 patients and gynecologic type in 10 patients respectively (table 2). The mean duration of urinary incontinence was 14 ± 7.3 months (range 6-36 months) and the mean fistula size was 1.2 ± 0.39 cm (table 2). In 2 patients there were 2 fistulae lying side to side, larger was 1.5 cm and smaller 10 mm. The laparoscopic repair was completed successfully in 26 cases and open conversion was required in 2 cases. The mean operating time was 160 minutes (range 140-200 minutes) and the mean estimated blood loss was 70 ml (range 50-100 ml). The mean visual pain analog score on first postoperative day was 4.5 ± 0.33 (range 4-5) and on second postoperative day it was 1.5 ± 0.47 (range 0-2) (table 2). The mean dose of tramadol on first postoperative day was 200 ± 29.05 mg and on second postoperative day it was 70 ± 15.91 mg (table 2) . None of patient developed paralytic ileus or any bowel related complication. All patients were continent following catheter removal. The frequency of urine was seen in 5 patients managed by oral anticholinergics for 2-4 weeks. The mean period for hospitalization was 6 ± 0.79 days (range 5-7 days). The median follow-up was 24 ± 14.13 months (table 2).
Discussion
Laparoscopic repair of vesicovaginal fistula was reported first by Nezhat et al. [6, 7] in 1994 and they further reported the bladder repair in intentionally and unintentionally performed cystotomies in 19 patients. The laparoscopic VVF repair has distinct technical advantages (table 3) reported in various studies [10, 12, [14] [15] [16] . There are many case reports and series on laparoscopic technique of VVF repair [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . These studies have variations in the basic techniques of approaching the fistula either by transvesical or extravesical routes, number of ports used, laparoconversions, differences in operative time, hospital stay, duration of catheterization, complications and overall success rate (table 4). There are 2 basic principles of laparoscopic repair. These are transperitoneal nontransvesical approach [9, 14, 17, 18] and transperitoneal transvesical approach respectively [10] [11] [12] [15] [16] [17] . In present study, laparoscopic transvesical VVF repair was performed in all cases. In the technique of transperitoneal nontransvesical approach, Lee et al. [14] described that posterior longitudinal cystotomy is not given rather they develop a plane between posterior bladder wall and anterior vaginal wall to reach the fistula. The vaginal and vesical fistulous openings are repaired separately without any interposition graft. The main drawback of this study is that it does not provide information about the position of ureteric orifices and surgeons have fear of injuring ureters. Contrary to this, the technique of transperitoneal transvesical VVF repair allows visualization inside the bladder which gives direct information of location of ureteric orifices and hence gives confidence to surgeons [10, 12, 16] .
Most of the vesicovaginal fistulae can be repaired by transvaginal route which is associated with least morbidity [20, 21] . The abdominal approach is indicated selectively and these are the fistulae suitable for laparoscopic repair [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . In present study our inclusion criteria were based primarily on supratrigonal or very high-up fistulas less than 2.5 cm with stenosed or incapacious vagina which makes them unsuitable for transvaginal repair. The laparoscopic repair certainly has advantages (table 3) which decrease the morbidity of transabdominal VVF repair and at the same time maintaining the high success rate comparable to open repair. To best of our knowledge, our series is the largest series of laparoscopic repair with 100% success rate of fistula repair. Though the laparoscopic repair has excellent success, the major disadvantage with this technique is the difficult intracorporeal suturing. The robotic assistance has the potential Curr Urol 2013;7:75-82 Step I
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Step II
Step III
Step IV
Technical steps
Elaboration of the procedure Advantages of bridging the limitations of laparoscopic surgery while maintaining the benefits of minimally invasive surgery. The robotic view is superior because of 3-dimensional picture with a 10 × magnification, with wristed instrumentation, ergonomic manipulation. In robot assisted VVF repair, the initial dissection and excision of fistulous tract are done laparoscopically; the robot is used for suturing of vaginal lumen and closure of cystotomy. The
Singh/Sinha/Mehrotra/Gupta/Gupta TPTV  TPTV  TPEV  TPEV  TPTV  TPTV  TPTV  TPTV  TPTV  TPTV  TPEV  TPTV  TPEV  TPEV Laparoscopic Repair of Vesicovaginal Fistulae 81 interposition could be the fibrin glue inserted between the suture lines [13] . In pure robotic VVF repair the entire procedure is done under robotic control with omentum as interposition flap [20, 21] . The major limitation of robotic VVF repair is the high cost in comparison with lower cost of laparoscopic VVF repair which maintains high success rate similar to robotic repair [ 20] .
The interposition flap particularly omentum is well vascularized tissue which provides vascularity, prevents the apposition of the suture lines and its rich lymphatics enhances the drainage of inflammatory fluids from surgical field. Proponents of omental interposition reports the increase success rate of fistula closure [10-12, 14, 16, 19] while some of the studies have not used the omentum [15, 17, 18] . In transvaginal or transabdominal VVF repair, interposition flaps are traditionally being used but recently some of the studies showed that it is of no use. Browning in a interesting study claimed that Martius flap raised in transvaginal repair is of no use in enhancing the success of repair, but the main drawbacks of this study are the retrospective study in which author suggested that flap should only be omitted by experienced fistula surgeons [22] . Rangnekar et al. [23] supports the use of Martius flap to increase the success of repair. In laparoscopic VVF repair the experience of intracorporeal suturing varies from surgeon to surgeon and the outcome of fistula surgery also depends upon on nature of fistula e.g. obstetric versus gynecologic fistula and hence interposition flap must be used. In present study we employed the omentum in 26 cases including two open conversions and posterosuperior vesical fold of peritoneum in 2 cases respectively.
The ideal surgical approach to a case of VVF depends upon the cause, location, size, number, and time of onset and the experience of surgeon. The inclusion criteria for laparoscopic repair in published papers are the single, supratrigonal, < 2.5 cm, not amenable to transvaginal repair. The majorities of studies included gynecologic fistula [11, [15] [16] [17] [18] [19] ] and a few of them have both obstetric and gynecologic types [10, 12, 14, 16] . In present study the gynecologic fistula was present in 10 and obstetric fistula in 18, of whom one patient had previous history of obstructed labour with ruptured uterus and bladder for which she was managed by exploratory laparotomy, repair of uterus and bladder. She developed supratrigonal fistula following this surgical intervention. In present study 2 patients had 2 fistulae lying side by side, which were repaired successfully in the same operation.
The ports placement and the internal dissections are the main cause of postoperative pain following laparoscopic repair. Some of the studies have used 4 ports [11, 12, 15, 16, 18, 19] while others have used 5 to 6 ports [10, 14, 15, 17] . In present study all cases were done using 3 ports only (table 4). The duration of Foley catheterization in reported studies varies between 10 days to 28 days [14] . In our patients we kept the bilateral ureteric catheters in all cases for 4 to 5 days with urethral catheters. The ureteric catheter additionally drains the pelvicaliceal system apart from the bladder drainage by Foley catheter. The Foley catheter was removed after 4 weeks all our patients.
The operative time in literature ranges from 70 to 280 minutes [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . In present study our mean operative time is 160 minutes (range 140-200 minute). The operative time might depend on patient characteristics such as the presence of previous abdominal surgery and history of failed fistula repair. It also depends on surgical skill of laparoscopic surgeon. The mean reported follow-up in different series varies between 6 months and 40 months (table 4). In present study the median follow-up is 24 months (range 4-54 months). There was no recurrence in any of the case. The reported overall success rate in literature is 86 to 100% [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . In our series the success rate is 100% which was due to good preoperative preparations such as correction of anemia & hypoprotenemia, meticulous dissection and interposition flaps in all cases and use of suitable suture material (3-0 polygalactin). The good bladder drainage was ensured by putting 18 F Foley catheters and ureteric catheters in all cases and also for 48 hours we put the patient in reverse Trendelenburg (15 O ) position to ensure the minimal contact of urine to the bladder suture line. All repairs were performed by single experienced urologist trained in laparoscopy and intracorporeal suturing.
Conclusions
Laparoscopic transperitoneal transvesical VVF repair is safe, effective minimally invasive procedure with excellent outcome. In select subgroup of supratrigonal fistulae it should be the procedure of choice.
